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Table 1. Specimen used in this experiment.

Specific Moisture Average of annual

Species gravity content (%) ring width (mm)
Spruce 0.40 16.6 1.51
P 0.0 (0.3) (0.10)

() : Standard deviation.
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Fig. 1. Location of strain gages in wood member and bolt.
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Fig. 2. Elements of contour map for compressive
strain.
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Fig. 3. Relationships between fastening torque
and axial force in bolt.
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Fig. 4. Contour map of compressive strain along the thickness direc-
tion in fastend state.
P: Axial force in bolt.
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. 5. Relationships between axial force in bolt
and compressive strain in specimen.
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Fig. 6. Variation of axial force in bolt with
change of relative humidity after fasten-
ing.

Fy: Initial value of axial force in bolt.

Table 2. Coefficients in equation P./Pi=—mp *

logt.

I P P)/Po mp r?
200.4 172.2 0.855 0.1238  0.941
398.6  332.1 0.833  0.1117  0.844
608.8  496.9 0.816 0.1129 0.876
783.5  661.0 0.844  0.1207 0.916

1072.0  892.5 0.833  0.1677  0.933

P, ¢ Axial force in bolt (kgf) just after fastening.

P, ¢ Axial force in bolt (kgf) at 1 minute after
fastening.

me - Relaxation coefficient of axial force in bolt.

t : Time (min.).

r : Correlation coefficient.

FFEREBIZE K ELSBA T 2Dt L, 20004 A b
VA ORI SIEERAE T, Ku MBI TORR
VTFHOBINKEL, £z, RV oELCHS
o iZ EEMED/NE L, FEPED I ONTHERED
TAHOSENEH I EAERL, £, R b
DHELHIFHTHE, BEORERZIVTEHD
SHHFEMND LD REANED Shiz, R bk D
WA 2TbR WRETO, @FOBEECBT 3
BELTOVTADELR, BB LZ 200~300p R b
VAU THoT:lepoFEZ B L, Bl E{RE
VDFADDNIWBFEILEN, OTFHROKEBFEITE
HNAICBEDOREII NS o Twi b LBbh
5. -
BEREEICOWT, AMPREORNL MEECE
JBEROTAORREL% Fig. 8 Wiy, U4
AT O EE D 55003 BE OB PR EREL £ R




58 ot ¥ R-BH OB B A-X K K

Nut 0 min.

/} 2000
40;

3000

Bolt

Nut__ 100 min.

\\m@

4000 /5000

1000
e
Bolt ~ Washer

|
i
i
i
i
i
i
i
i
i
i
i
i
i
i
|
i
i

Nut 1 min

3000

200

%ﬂ 1000

9600

|
|
|
|
i
|
|
[ 4000
!
|
|
|
|
|
|
|

i
Bolt

Nut 10000 min.
/4000

2000

1000

i

Bolt  (Unit: X 107® strain)

000

|
i
i
i
i
i
i
i
i 3000
i
i
i
i
i
|
i
i
i

Fig. 7. Contour map of compressive strain along the thickness direc-

tion (after fastening).
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EZl—ms-logt (2)
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VIR DK &% b DIFERE 5o T, BARE s
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Table 3. Coefficients in equation S¢/Si= —ms*logt.

i) So S] Sl/So s r?

200.4 742 681  0.918 0.0257 0.932
398.6 1801 1770 0.983 0.0199 0.716
608.8 3531 3421  0.969 0.0275 0.925
783.5 4408 4085  0.927 0.0368 0.962
1072.0 3111 2737 0.875 0.0331 0.843

So : Compressive strain just after fastening.

S: : Compressive strain at 1 minute after fastening.
ms . Relaxation coefficient of compressive strain.
t : Time (min.).

r : Correlation coefficient.
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Fig. 8. Relaxation behavior of compressive strain
at the point 5mm away from circumfer-
ence of hole located at the center of wood
under various axial forces in bolt.

@ : Initial force=200kgf ; O : 400kgf ;
A :600kgf i A 1 800kgf ; M . 1000kgf.

Z6N5, Hif ORI D50 % LA RS
DI, AMFTOOT AOERRIIIER PR,
AR VB L THORMRO VDT A D 2 0 IR
NRBELTWS Z Enb, KU MEES A D
FESNTEE O FEMHBEBE DT X D, RV M7 IR
ENBHDD, AMPhRFOBRENIEFEIA TS
bDRrEZOND,

B #

KELHOXRNV M ESITBEL, K bhkbkcs
J5 RN B X URESHAOV T AORE, B
LU ENS OBRIC DWW TEERNIC Z DEE 2B S H»
w7z,

(1) Fv MEEREERIC B LT, Rv b ORIy
B N B & ORI b v 2 BKT 508, KESR
MTRED OBE R EMBAEL, BE—E VT
PlET, ShoEmoBgsmi L.

(2) BN MEERICB T 2BHNOV T A, B

EBETOOTADEAINEITL, 0%, BiIOBM
RO U RRESEER LT 5 &0 kH#ERR Y
L GRS R I 530 LN 2 fEfExm Lz,

(3) A0 e, BT EEESECKE (RS
L, #0#%, 10005 TCOMIZABOBERLORE
EHBEHNT, TIZ0%BEEML 2. ThIIgR,
AROBEEL®ZITEIMEREL I, i,
HAEE D ORIV NEHISA &l b DIZ CBRIOBEHLK
2 <, k IZUBENS 1000kgf OBETITE L WEN
ERLUI, AR B 3 EBRFAFOHBHEANTIE, )
RV NS & 600~800kgf ICBRET B2 DOHBE LI
BHTHDHEE LS.

(4) RV MEHROFHMAOV T AL, KV b
WEWERS T ORISR & L, Rv bS5 OALE
TOVTHOENIZ NS p o7, FARBEOEIC X
LB, DFADKEVEIBTREFNIFEKREL
2, DFBRONIVEIAFERERZ IS po T,
(5) B MK E EERNT B0, HHA
DUTFARISECENL RV L5, KU MEAOD
BRI, BEEEORERVOTAEEL TR EL
ZOEFMKELEGLTVEbDEEZOND,

b FiR

SEHEEER 1991 SRV A Fox 7 ERFEOAM Ko
NESEROY AW C RIETEBEROPE,
AMEEsk, 37(6) : 517-522

EABA 1978 AMEB AR, BMREKR HE,
497-4998

¥ FEe% OIEME . e A /N 5 - BEEIUER
1991 BEHEHROEHENSMEEEE B 1R
BV b 75y TERBEBECB I EMENSAL
B, AMEEEE 37(7): 611-618

Summary

The behaviors of production and relaxation of fastening force in bolted joint for wood construc-

tion were experimentally investigated.

In the fastening stage, the axial force in bolt and the fastening torque become larger with

increasingly fastening the bolt untill fastening torque reached at some level. However, the axial

force in bolt was hard to increase when fastening the bolt at higher level than that, because of

immediate relaxation of axial force in wood members. And in this stage, the compressive strain in

wood member was increased at the portion near the washer first, and then it was distributed in the

shape of a coniform or a fusiform having the tops in both washer sides.

The relaxation of axial force in bolt was extremely large in a few minutes after fastening, and
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the axial force was reduced to about half until 1000 minutes after fastening. Then, the change of
axial force in bolt was subjected to the change of relative humidity of circumstance. The relaxia-
tion of axial force in bolt developed extremely in the case of initial axial force of above 600 to
800kgf. Although the axial force in bolt was reduced over 50 percent of initial force, more than 80
percent of compressive strain in wood member was remained even after 1000 minutes after fastening.



